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Three-terminal Electrochemical Cell for Improved Battery Safety 
ABSTRACT 
Overcharging an electrochemical cell can cause explosions and is a known safety hazard. 
Overcharge-limiting circuits function optimally when an accurate measure of battery voltage is 
available. In practice, voltage measurement is inaccurate due to the significant currents that pass 
through the electrodes during charging. Due to the inaccuracy in voltage measurement, 
overcharge-limiting circuits are conservatively designed which leads to inefficiencies and 
inaccurate estimates of battery life and energy level. A three-electrode electrochemical cell has a 
third electrode in addition to an anode and a cathode. The third electrode absorbs little current 
and acts as a reference electrode to accurately measure voltage. The three-electrode 
configuration has not thus far found mass-market application due to difficulties in packaging. 
The configuration described in disclosure places and routes the reference electrode using the 
uncoated region of the anode or the cathode in a manner that achieves reliable mechanical 
integrity. The techniques enable accurate battery fuel (gas) gauging and can improve battery 
safety.  
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BACKGROUND 
Overcharging an electrochemical cell can cause explosions and is a known safety hazard. 
Overcharge-limiting circuits function optimally when an accurate measure of battery voltage is 
available. In practice, voltage measurement, e.g., between the anode and the cathode, is 
inaccurate due to the significant currents that pass through the electrodes during charging. Due to 
the inaccuracy in voltage measurement, overcharge-limiting circuits are conservatively designed 
which leads to inefficiencies and inaccurate estimates of battery life and energy level. A three-
electrode electrochemical cell has a third electrode in addition to an anode and a cathode. The 
third electrode absorbs little current and acts as a reference electrode to accurately measure 
voltage.  
Incorporating a third electrode into the electrochemical cell entails the routing of 
terminals to the appropriate electronic circuitry within the fuel gauge and protection circuit 
board, as well as routing inside the electrode of the electrochemical cell. The third electrode, 
coming out as an additional cell terminal, needs a hermetic, e.g., airtight, seal, and also a close 
placement to the working electrode, e.g., the anode or the cathode. Due to these packaging 
difficulties, three-terminal electrochemical cells have not thus far found mass-market application. 
DESCRIPTION 
This disclosure describes an electrochemical cell configuration for placement of the 
reference electrode and routing of connections to the reference electrode through an electronic 
circuit board that houses the battery protection and fuel gauge circuits. The placement and 
routing is done such that mechanical integrity is reliably attained. The reference electrode 
enables accurate measurement of single-electrode potential, e.g., the potential of the anode or of 
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the cathode of each cell of a battery pack, using the circuits integrated within that govern battery 
operation. 
The uncoated region of anode or cathode is used to attach a third electrode and its 
terminal via a dual-function solid or gel electrolyte that also acts as a separator. The width of the 
third electrode is only about 5% of the working electrode width and the third electrode is of 
square form-factor. One or more reference electrodes can be thus affixed to measure the gradient 
across the electrode ribbon length. These reference electrodes can be used to measure nonlinear 
change in electrochemical potential of the anode or the cathode to accurately gauge the state-of-
charge (SoC) and state-of-health (SoH) of a battery pack. The microcontroller chips on the 
battery protection circuit board can receive voltage readings from the third (and any additional) 
terminal(s) for safety and gauging.  
 
Fig. 1: Integrating a three-terminal electrochemical cell with a protection circuit board 
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  Fig. 1 illustrates integrating a three-terminal electrochemical cell, e.g., a lithium-ion (Li-
ion) cell (104) with a protection circuit board (102). The protection circuit board hosts various 
components such as connectors, gauge ICs, charge control FETs (CFET), discharge control FETs 
(DFET), etc. In addition to the working electrodes (106), e.g., cathode and anode, the Li-ion cell 
has a third terminal (108) that acts as a reference electrode. The (fuel) gauge IC receives as input 
the voltage measured at the third terminal with reference to either of the working electrodes and 
computes the time-to-recharge and/or the time-to-discharge.  
 
Fig. 2: The connection between the terminal and the circuit board (A) Side view (B) Top view 
  Fig. 2 illustrates the connection of the third terminal to the circuit board. The terminal, 
also known as tab, can sit atop a separator, e.g., a sealant. As illustrated in Fig. 2, the sealants 
and the tabs can be arranged in concentric fashion for ease of mass production. Alternatively, the 
terminal can be directly welded to the top of the protection circuit board. 
 The described techniques enable the accurate measurement of the voltage of a single 
working electrode with reference to a third reference electrode. The accurate measurement of 
voltage enables accurate control of charging level and accurate gauging of battery fuel (gas), 
leading to reduced battery degradation, longer battery life, and improved battery safety. The 
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techniques can be used for any battery chemistry, e.g., lithium-ion cell, lithium solid-state cell, 
nickel metal-hydride cell, etc. The configuration can be used for electrochemical cells in various 
applications, e.g., consumer devices, smartphones, tablets, laptops, wearables (earphones, 
smartwatches, rings, etc.), uninterrupted power supplies, electric vehicles, electric drones, 
electric boats, stationary energy storage, etc. The placement and routing of the third terminal can 
be performed with existing mass-manufacturing processes. 
CONCLUSION 
The electrochemical cell configuration described in disclosure places and routes the 
reference electrode using the uncoated region of the anode or the cathode in a manner that 
achieves reliable mechanical integrity. The techniques enable accurate battery fuel (gas) gauging 
and can improve battery safety. 
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